In this paper we proposed an econometric model for industrial electricity demand in Brazil. Differently from residential customers, industries in Brazil, in addition to purchasing energy and capacity, also face a tariff menu with Time of Use pricing. Each item in this menu also has different components and price discrimination structure. All these characteristics pose an empirical problem that, so far, has not been faced together in the literature. This methodology was applied in a non-experimental micro data sample of 646 large Brazilian industrial customers (with demands over 300 KW) between January 2002 and December 2006. The results indicate demands for the various services (capacity and energy, separated between peak and non-peak hours) are price elastic, and at least in the AZUL tariff, there is complementarity between energy and capacity in the different periods. Thus, policies on tariff structures based on assumptions of an inelastic aggregate electricity demand could have effects that are quite different from what was intended.
Introduction
The importance of efficient use of electricity is ever-growing, due to potential emissions of green-house effect gases by the different energy sources. To make electricity use more efficient, it is especially important to develop electricity pricing policies -which demands a deep understanding of the demand for electricity, a good that cannot be stored and has variable demand through the day. If we add that the belief that one of the possible technological paths for the auto industry is the development of electric cars, the question of the use of electricity throughout the day is another motivation for the study of electricity demand. Additionally, the tariff's design must deal with the fact that consumers respond to price signals, reorganizing their demand, both in total amount of electricity use and in terms of usage throughout the day.
Usually electricity consumers are divided into two large categories -those that demand high voltage electricity (voltage above 2.3kV in Brazil) -and those that demand low voltage electricity. The residential and commercial consumers are usually in the second group, and the industrial consumers are more commonly found in the first group. The division between high and low voltage is also reflected in terms of behavior of the group of consumers -both in terms of price sensitivity and in usage substitution throughout the day.
The greater part of empirical studies on the industrial demand of electricity in developing countries -where a large part of the additional demand will be in the next few years 1 -ignores the fact that this consumer faces a tariff menu that is much more complex than that of the residential consumers. The industrial consumers, especially the large consumers in this category, not only face the need to buy energy and capacity, but also face different prices for energy and capacity purchased at different times during the day.
The discussion on those tariff menus is especially important for Brazil, where the tariff structure is already in need of change. The present tariff structure is based on a collaboration between Eletrobrás, the Departamento Nacional deÁguas e Energia Elétrica [National Department of Water and Power] and the Eletcricitè de France as a consultant for two projects. In the first project, between 1977 and 1979, studies were carried out to determine the marginal cost of supplying electricity to consumers and to evaluate the possibility of basing the tariff structure on those costs. The second, between 1980 and 1981, resulted in the publication of a document named "Estrutura Tarifária de Referência para Energia Elétrica" (EnergyReference Tariff Structure) ANEEL (2009). The different tariffs developed at that time were based on a demand structure that was vertically integrated with the supply of electricity and the capital and operational costs of generation and transmission were taken into account in the distribution tariffs.
Also according to ANEEL (2009 ANEEL ( ), between 1982 ANEEL ( and 1999 , the tariff structure underwent only minor changes. In the year 1999, the tariff structure was changed to reflect the deverticalization of the sector. Even with those alterations, the price structure related to energy and capacity during the day is still inefficient. Consequently, there is sub-optimal use of diesel generators to reduce the demand at peak time or high-voltage consumers attempting to find direct connections to avoid the distribution network.
Even from the theoretical point of view, there are certain controversies on the capability of the real time pricing arrangements to consistently generate efficiency gains. Even papers which are clearly favorable to Real Time Pricing, such as Borenstein and Holland (2005) , state that in some cases the increase of consumer participation in this arrangement can benefit those which use the more traditional price structure, as well as hurt those that were already using the Real Time Pricing structure.
Thus, a discussion on the price levels of electricity that does not take into consideration the fact that this product is sold according to a non-linear price structure can cause biased estimation of the relevant parameters, which could eventually lead to a worsening of the problems discussed above.
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The price elasticity estimates of industrial electricity in the Brazilian literature evaluate, basically, the average consumption, as it will be shown in the Literature Review Section. However, the pricing system adopted by the Agency recognizes the importance of distinguishing the use of energy and capacity (kW), and that the last one determines the dimension of the distribution systems, and consequently, of investments. Without adequate information the investment predictions can be excessive or insufficient, thus the importance of knowing the degree of substitution between energy and capacity, which is the original contribution of this paper to the literature.
To deal with this problem, the present paper develops a methodology, using the classic contribution of Train and Mehrez (1994) , to deal with two characteristics of the electricity industrial tariff structure: the existence of different prices for energy and capacity, discriminated by time of the day. Additionally, the application presented here also deals with the fact that there are several tariff levels, creating a tariff menu (self-selecting tariffs). The methodology presented here was applied to microdata database of energy and capacity consumption of large industrial Brazilian consumers in which the modality of tariff chosen, as well as the amount of services in that modality (energy and capacity) is registered, for the period between January 2002 and December 2006. This microdata database was essential for the development of our application.
Before we present the data and model, the next section describes the more general literature that the presented methodology belongs to. This literature deals with both the previous attempts of estimating electricity industrial demand as well as the time of use pricing literature. After this literature review, we present the econometric approach, as well as the estimations of the parameters per se. The fourth section presents our conclusions.
Literature Review
In this article the literature review is relevant because the research covers two separate themes. The first is the electricity price sensitivity estimation, focused in the industrial demand of electricity in Brazil, the second is the international literature on Time of Use Pricing.
The focus regarding the estimations of price elasticity of electricity in Brazil was the estimation of aggregated elasticities, using the average income as a proxy for the price of marginal Kwh. Modiano (1984) , using data from 1963 to 1982 is the first study to use a modern econometric approach. The author uses a double log demand specification, with the demand being described by lags, and estimated using Ordinary Least Squares, with correction for serial correlation through the Cochrane-Orcutt process.
This study was considered state-of-the art research for 13 years, until Andrade and Lobão (1997) decided to extend the sample used by Eduardo Modiano and apply the most modern techniques available at the time, carrying out their analysis for residential electricity demand only. From a methodological point of view, the authors used some models of the Instrumental Variables method, but their main results stem from the Error Correction Vectors system. Schmidt and Lima (2004) , updated the data from the previous article, and also used a methodology of Vector Autoregression and Error Correction Vectors. Differently from Andrade and Lobão (1997) , Schmidt and Lima (2004) worked with three classes of consumers, residential, commercial and industrial. From the functionality point of view, the authors kept the double log form, which allows them to calculate the long and short term elasticity more easily.
The largest part of the subsequent research followed the same methodological line, using a double log specification and an Autoregressive Vectors or Error Correction Vectors system. de Mattos and de Lima (2005) One of the conclusions reached by these studies is the smaller magnitude, in absolute terms, of the price elasticity of the demand in the Brazilian case. This result for Brazil is in agreement with those found for other Latin America countries, which originated the comment by Westley quoted in Schmidt and Lima (2004) p. 70 that reads: "the consumption of electricity grows at a fixed proportion with income and its elasticity is nearly zero". However, the definition of the database and the price structure of the sectors cause a few problems in the studies which support this claim. For example, the approximation of the marginal KWh using the mean cost can cause serious econometric problems, especially in the case of non-linear price structures, as already demonstrated by the review of Taylor (1975) . Intuitively, the problem of using the mean cost as an approximation of the marginal KWh price, in the case of non-linear prices, is a variation of the omittedvariable bias problem. Shocks to the demand equation cause changes in prices paid by companies, since it can place them in different levels of the price scale. Additionally, the estimation of the price elasticity in the demand of electricityeven when carried out in the most correct form possible -as a whole tends to be lower in absolute terms than the estimate demand for electricity during different times in the day. Policies based on these times estimates can incur serious errors.
The international literature on the theme of price elasticity in the electricity demand is vast, meriting several reviews throughout the years. The first review, already a classic, the Taylor (1975) focus mostly on the criticism to the previous studies, concluding that the elasticity magnitudes are greatly dependent on the methodology used. For the industrial demand, the long term elasticity computed vary from -1.25 to -1.94, a lot higher than the figures found in the table above.
The paper by Taylor (1975) was updated by Bohi and Zimmerman (1984) which, in the case of industrial electricity demand, finds the short term elasticity in the range of -0.18 to -0.60, and in the long term, elasticity in the order of -1.5. Only in one of the studies reviewed elasticities below one (in absolute terms) were estimated.
After the contribution of Bohi and Zimmerman (1984) , the next review was Griffin (1993) , which focused less on demand price elasticity and more on the new methodologies for econometric modeling of the electricity demand, both on the demand for electricity and its relation to the choice in domestic appliances. In the years following those reviews there were a few studies, and those that were closer to the present study in terms of data structure and methodology are Bjorner et al. (2001), and Filippini (1995) , which used microdata to estimate the elasticity in the industrial demand for electricity, in the first study, and residential demand in the second. In Bjorner et al. (2001) , we observe elasticities of around -0.5, and even lower in models which incorporate non-observable heterogeneity such as fixed effects.
Another important piece of literature is related to the studies used to evaluate the sensitivity of the demand to different prices during the day, known as Time of Use pricing. The greater part of those studies involves experiments and gathering of microdata from consumers in the period around the introduction of this methodology. There are two important reviews on this theme, carried out by Ahmeed Faruqui and his co-authors (Faruqui and Malko (1983) and Faruqui and Sergici (2010) , in addition to Aigner (1985) . In the first article, the authors describe the results of 12 experiments with residential consumption and show that the price elasticity of the demand is very close to zero and there are consumption substitutions between different times of the day in response to this price structure. This review was updated with 15 new experiments by Faruqui and Sergici (2010) , and found similar conclusions.
In regards to Industrial consumers, Sheen et al. (1995) carried out a studynon-experimental -on the industrial demand for electricity in Taiwan, and found very elastic demands for the different prices during the day. Another classic study on the topic is that of Aigner and Hirschberg (1985) , which found a significant substitution elasticity in absolute numbers between peak time and non-peak time for large industrial consumers. A more recent one, and closed to the contemporary literature is that of Train and Mehrez (1994) , wich uses a methodology similar to ours.
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Despite all that, the existence of different prices at different times of the day is only one part of the price structure that an industrial consumer is faced with regarding electricity. In the next section we go into more detail on the depth of price structure for electricity in Brazil.
Tariff Structure for Industrial Electricity
An important point, with important effects on the results of the empirical modeling, is the fact that the prices used for electricity are not linear, and present important distinctions both in regards to the paradigm of linear prices and in how residential electricity is sold.
In Brazil, the industrial consumers of electricity are classified into two large groups relating to the level of voltage they are connected with. Those groups were defined in the 1980s, in the publication "Estrutura Tarifária de Referência para Energía Elétrica" ["Energy Tariff Structure Reference"] (ANEEL, 2009), and are the same for all the electricity distributors in Brazil:
• Group A: Consumers connected to voltage equal or superior to 2,300 volts, and divided in the following subgroups:
• Subgroup A1 -Voltage equal or superior to 230kV;
• Subgroup A2 -Voltage between 88 kV and 138 kV;
• Subgroup A3 -Voltage of 69 kV;
• Subgroup A3a -Voltage between 30 kV and 44 kV;
• Subgroup A4 -Voltage between 2.3 kV and 25 kV
• Subgroup AS -Voltage bellow 2.3 kV, supplied by the underground distribution network and optionally billed in this group.
• Group B: Consumer connected to voltage bellow 2,300 volts.
For consumers in the groups A3a and A4, with purchased power of up to 300 kW, two tariffs are offered, AZUL or VERDE, and also Convencional, thus creating a tariff menu and an system of non-linear prices.
4 Each of these tariffs differs from the others -and the residential tariff-because it works with two prices: price of electricity and price of capacity. The first price, of electricity, is related to the monetary value paid for the supply of Kwh for the consumer, and the price of capacity is the price paid by the consumer to have the electricity available to him.
5 If the consumer uses more electricity than the contracted capacity, it pays a much higher price than that of the hired energy.
In the "Tarifa Convencional", the total bill of a client is given by, approximately:
where d represents the hired capacity and e the electricity used, t d and t e represent the tariffs for capacity and electricity, respectively. Additionally, there is also the discrimination of prices for the period of time in which the electricity was used, with non-linear tariffs. 6 The first type of tariff is the VERDE tariff, in which there is only one price for capacity and two prices for electricity -at peak time and off-peak time.
In this type of tariff, e p represents the electricity consumed at peak times, and e f p the electricity billed at off-peak times. The tariffs during the different times of the day are denoted as t V ep and t V ef p . Finally, according to the AZUL tariff, the consumers must hire levels of capacity both for peak time and off-peak time. Additionally, they need to pay for electricity used during the two periods. The total bill of for an industrial client in the AZUL tariff would be calculated as:
• d p -Hired Capacity for peak time
• d f p -Hired Capacity for off-peak time
• e p -Electricity used at peak time
• e f p -Electricity used at off-peak time In a way, both the AZUL tariff and the VERDE tariff can be considered as special cases of the known Two-part Tariff of the traditional microeconomy. The tariff structure is not only interesting as a key element in the institutional environment in which the company operates, but also shows one of the main limitations of previous studies on the demand of electricity. Such limitation can explain why studies carried out in Brazil usually find price elasticities that are so much lower than those found in the international literature, and it is related to the fact that the series used present mean prices. That is, the representative variables of prices in that study can be understood at average revenue of the energy operators, and only weakly related to the price of the marginal MWh demanded by the consumer. Those mean prices include the price of the marginal MWh used by the consumer, but also all the alterations on the units consumed bellow margin, and as a result, create a bias in the estimates of demand price elasticity.
To summarize, the electricity distribution regulation environment in Brazil uses several tariffs for different times of the day (TOU Pricing), in addition to the price of capacity and energy. In this sense, the adequate modeling of the industrial demand of energy in Brazil must go beyond the existing literature. Models as the ones used by Train and Mehrez (1994) , despite being a step in the right direction, model the problem of self-election constraint, and do not deal with the question of energy and capacity demand, because they deal with domestic demand. Additionally, they only deal with one tariff line parallel to the constant pricing during the day.
To deal with these problems, the present paper uses a database from companies, with prices they actually face, to estimate the demand elasticity of prices of the different tariff components. The next section describes the methodology used.
Empirical Analysis
In this article we propose a structural model to model the industrial demand for electricity that goes beyond those described above, and is able to integrate the choice of tariff modality with energy demand in the two periods of the day (peak and off-peak). We assume that the company uses the different types of energy and capacity mentioned before, thus the function can be described as:
where Q is the amount produced and Z amounts of other insumes, and the other variables previsously defined. Assuming the weak separability and homotheticity in the production function we can rewrite this function as:
where EE is the agregated measure of energy. Given these hypothesis, we can describe the global cost function, in which C EE is a measure of the Eletric Power costs, as: CT = C (C EE (t ep , t ef p , t dp , t df p , Q) , P Z , Q)
As a premise of homotheticity and weak separability, we have that the selection can be modeled in two steps, the first is choosing a tariff from the menu, and the second is determining the different demands for energy and capacity of the different products. Especially,
where C A is the cost of an amount EE of energy in the AZUL tariff, is the cost of the same amount in VERDE tariff, and C C is the cost in the conventional tariff. Similarly, C EE = C V if the cost in the VERDE tariff is lower than in other tariffs. In this paper we assume a functional form for the cost function in the PIGLOG form:
ln C EE (t ep , t ef p , t dp , t df p , Q)
(4) When we carry out the logarithmic differentiation for each of the prices of the different types of energy, we have the following equations for each of the tariffs:
8 Greene (1984) carries out similar modeling for the case of diesel fuel oil demand.
where the variables s k represent the participation in the total expenditure of the k-th type of service. We can write that as C EE = RT − P Z Z, that is, the cost of energy is the same as the difference between the total revenue minus the expenditures with other insumes and economic profits. Assuming that P Z Z is a function of C EE , we can rewrite the equation as:
where C EE is the total expenditure with energy, as previsously defined and P is an energy price index, which in this paper assumes a linear form of the Stone Index:
The coefficient β k in the equation above measures the sensitivity of the different participations in the expenditure of the total volume spent with energy. This is a version of the Almost Ideal Demand System of Lee et al. (1980) , often used for modeling the demand of homogenous products. Despite being interesting, this modeling presents additional difficulties for estimations, since the choice between tariffs and the type of energy consumed are inter-connected. The equations of the system components above will be different for each type of tariff chosen (AZUL, VERDE or Conventional). If we ignore this possibility, we might obtain biased coefficients, which would represent both the substitution in the use of energy between the different times of the day and the same modality with substitutions between the different tariff lines. A similar approach is used by Lee, Maddala and Trost (1980) , and which can be applied here, is the characterization of this econometric problem as an application of the switching simultaneous equations. In this methodology we would have a model with two states. The first is the selection of tariff modality, and the second the services of that tariff modality. That is, if the tariff chosen was the AZUL, the demand for the four services would be:
s ef p = α ef p + j γ j,ef p ln t j + β ef p ln C EE P s dp = α dp + j γ j,dp ln t j + β dp ln
In the same manner, if the chosen tariff is the VERDE, we have:
s dp = α dp + j γ j,dp ln t j + β dp ln
To deal with this problem, we propose the addiction of a selectivity term in the equations estimated for each of the regimes. This term of selectivity depends on how the tariff choice is specified -since it is a discreet choice model. In this paper specifically, we have chosen to model the choice of tariff as a multinomial LOGIT, similarly to Dubin and McFadden (1984) . With this modeling, a generic equation of the equation system above would be as follows -in the next example the tariff chosen is the AZUL:
where σ represents the standard deviation of erros in the original equation, and r j the coefficients specific to each selectivity component -which are not identified separately from the coefficient r j . Despite the fact that this specification produces estimates that are assintotically consistent, we have a problem associated with inference. Especially, in the presence of the term estimated between brackets, the estimates are inefficient. To deal with this problem, the standard-errors were calculated using bootstrapping, with 100 replications and clustering for each company.
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The model for tariff selection, basis for the calculation of probability of choice and the selectivity correction factor discussed above, is based on the following utility function for the alternative j = VERDE, AZUL or Conventional:
where V ij denotes the deterministic part of the utility for the consumer i brought about by choosing the tariff j and the ε j the idiosyncratic part. 10 The mean utility for the choice of the Conventional tariff was normalized in zero 11 and the following parametrization of the term V j was adopted:
where f s are fixed effects of the sector and t i are fixed effects of time. The tariff "Conventional" was established as the base category, and therefore we assumed V ij = 0 for this category. The variable lf p is the load factor during the offpeak time and lp is the load factor during peak time. Regardless of the time, the load factor is an index which demonstrates wether the use of energy is being done in a rational and economical manner. This index varies from zero to one, and is obtained using the relation between active energy consumed in a specific period of time and the total active energy that could be consumed, if the demand measured in the period (maximum demand) was used the whole time. Finally, the variable g represents the ratio between the peak time demand and the off-peak time demand. Differently from the load factor, which involves both energy and capacity, this variable is related only to the relative use of capacity in both periods. Those variables are important for the identification of coefficients. The coefficients φ are indexed according to the alternative (thus the subscript j), in an attempt to capture part of the non-observable heterogeneity, 12 and the standard errors in this level are calculated as clustering for each company. This model for choosing the tariff modality was estimated using Maximum Likelihood. The models in the lower level, which correspond to the system equations presented in (9), were estimated using Seemingly Unrelated Regression, with the possible imposition of homogeneity and symmetry restrictions in the Slutsky matrix and fixed effects for each company in the equations in the upper level. The main reason for choosing to include the individual effects only in the equation of the upper level is that, when those effects are present in the AIDS equations the resulting system is no longer invariant to the unit of price, according to Alston et al. (2001) .
The symmetry conditions are given by:
and the homogeneity conditions by:
If we assume that the agents always spend 100% of the expenses in these four products, we can also recover the coefficients of the equation that was not directly estimated -the so called adding-up restriction:
Data
For this paper we compiled an energy consumption database for each company, in the period of January 2002 to December 2006. This database was built using information from Eletropaulo on industrial consumers belonging to the following voltage (voltage) groups in the supply end:
• A2 -From 88 to 138 kV • AS -Voltage below 2.3, supplied by the normal distribution network and exceptionally billed in this group.
13
These companies have the characteristic of having consumed over 500kW, which puts them in the category special free consumers. This information regards the 646 companies in the industrial sector, whose division, according to the CNAE classification up to two digits, is given in Table 2 .
We can observe that there is a good dispersion in terms of sectors covered by the companies in the sample, with the companies in the Plastic and Rubber sectors having greatest participation, with only 13.7% of the sample. Energy intensive sectors such as metallurgy are relatively unimportant in the sample. In terms of choice of tariff, Figure 1 shows the distribution of companies throughout time in the different tariffs.
13 Notice however, that there was only one company in this category, as well as in A3a.
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Figure 1 Energy categories
As we can see in Figure 1 , most of the companies -approximately 50% -uses the AZUL tariff, while approximately 42% uses the VERDE tariff. The rest of the observations (pair of company/month) belong to companies that, during the period, changed to the tariff Conventional.
14 The existence of observations in the tariff Conventional makes it possible to use this category as the basis in the selection step of the model.
In Table 3 the variables s ef p , s ep , s dp and s df p are related to the participation of energy costs in the expenses of a company in a given month (off-peak and peak time, respectively), and with the acquisition of capacity (off-peak and peak time, respectively). In term of value, the variables v ep , v ef p , v dp and v df p are related to the expenditure with energy and capacity both for off-peak and peak time. From the notation in the last section, we have that C EE = v ep + v ef p + v dp + v df p .
From the previous table we can see that, in average, the largest participation in expenditure is energy at off-peak time (s ef p ), corresponding to, in average, 51% of the expenditure, while the expenditure with capacity comes in second, but neither type of expenditure with capacity represents more than 20% of expenditure. In terms of prices, the values are much greater for consumption than capacity.
14 From the total of 38,512 initial observations, we have 233 observations regarding the change of tariff. Of these 233, the most common change was from AZUL tariff to VERDE tariff, with 158 observations, and 34 observations from Conventional to VERDE and 21 Conventional to AZUL. Only 16 changed from VERDE to AZUL and the remaining cases changed to the Conventional tariff. In terms of companies, it means 208 out of the 646. Only in 22 cases do we have more than one change for the same company. There seems to be no defined temporal standard for tariff switch. Before we go on to the results of the empirical model, we must make some considerations in regards to the identification strategies used. Firstly, it is important to keep in mind that it is a microdata database for company, and there are no first-degree discriminations, that is to say, all the companies face the same prices in a same tariff. In this sense, there is no endogeneity between the prices charged to a company and the amount of service consumed by said company. Additionally, these prices are determined within a regulatory tariff review processes, in advance, and based on criteria from the price regulating agency. That is, the price here is not determined by the intersection between the curve of marginal revenue and the curve of marginal cost, but based on decisions from ANEEL.
Finally, the question of omitted demand characteristics of the company in the model of demand for service, inside a tariff, is solved with the tariff selection model. In this modality of simultaneous-switching equations, the term of selectivity correction also considers the effects of the company's characteristics, using sectorial dummies. Those characteristics controlled by the dummies are common for companies in the same sector and constant in time. That is, a limitation of the present paper is that the companies' specific and unobserved characteristics could create a bias in the results.
15 With these considerations, we present the results of the model for modality discreet choice.
As we can observe from the table above, the difference between the two columns is the incorporation of dummy variables of time and sector, which elevates the Pseudo-R 2 to approximately 50%. We can observe that in both cases, an increase in the average price of energy, measured by the index P, reduces the willingness Note: asymptotic statistics t between parentheses.
Caption: P -value< 0.01 * * * , P -value< 0.05 * * and P -value< 0.1 * .
of choosing either tariff, in relation to the basis of the Conventional tariff. Additionally, the greater the expenditure with energy, the greater the incentive for the consumer to go from the Conventional tariff to either AZUL or VERDE. In terms of implications on the behavior of the consumer, the model with sector and time dummies shows results that are apparently more plausible. In the table below, we have the elasticities crossed between tariffs VERDE and AZUL in both models. Table 5 shows a greater substitution between tariffs in the case with the sector and time dummies, with a mean elasticity between companies of 0.2 -that is, with a 1% increase in P, there is a change among between tariffs of 0.2%. In the models without fixed effects of time and sector, this substitution is of 0.02, implicating that there is no substitution between tariffs, which doesn't seem plausible. In regards to the specific models for the AZUL and VERDE tariffs, the results are as follows: In each table we observe four columns, two associated to with each one of the discreet choice models, with and without the time and sector dummies -with selection values that are specific for each model. In each pair of columns we have the model being estimated with and without symmetry and homogeneity restrictions. The results here indicate that the energy demand on peak time is elastic, while the energy demand on off-peak time and the demand for capacity are inelastic.
Regarding the substitution and complementarity pattern, only energy at peak time and capacity are substituted, while energy at off-peak time and capacity are complementary. That is, an increase in the price of off-peak energy causes a reduction of peak time energy and of hired capacity as well.
These results seem different from those obtained for the AZUL tariff, but it is important to keep in mind the role of hired capacity in this case. A unit of capacity used during peak time means that there is one less unit of capacity available for the off-peak time and vice-versa. In this sense, we can interpret the response to the increase in prices of off-peak energy as follows: in response to the increase in tariff, the company reduces its aggregated energy consumption. However, this reduction is asymmetric during the day, and the off-peak consumption is smaller and to absorb part of this shift the company acquires more units of capacity.
We can also draw some conclusions from the comparison of results for the VERDE and AZUL tariffs as presented in Table (1) . Firstly, as expected, the different demands here represented are a lot more elastic than what was presented for the aggregated energy demand in the introduction. That is, the price sensitivity of the different components of industrial energy demand is much greater than that of the aggregated demand, in addition to the fact that the estimates mentioned in Table ( 1) could be biased due to the use of the average price as an approximation of the perceived cost of the marginal energy consumption.
Another dimension in which it is possible to argue that the results here presented constitute and advance in relation to the existing literature is the fact that, in this study, we estimate the crossed sensitivity between the different types of energy and capacity, making it possible to draw an analysis not only on the absolute level of tariffs, but also on how the tariff load is spread among the different services (energy and capacity at peak time and off-peak time). From the results of the elasticities previously discussed, we can carry out a simulation exercise on the tariff changes proposed from the 2012 and 2013, referring to the relative price between the different service tariffs. In the next table, we show the results computed from the elasticities of the models (d) , for the AZUL tariff, and (h) for the VERDE tariff. This table shows us that, with the proposed reduction in prices of servicesand keeping the disposition to maintain the same type of tariffs -would cause a shift in the consumption of energy, from peak time to off-peak time. In the case of the VERDE tariff, the movement is stronger, with a reduction of peak energy and an increase in off-peak energy. In the case of the AZUL tariff, is that the peak energy increases more than the off-peak. And all those changes would be even stronger than we could have predicted had we used the estimates of price elasticity of the industrial energy demand in Table (1) .
Conclusions
In this paper we proposed an econometric model for the demand of energy and capacity by Brazilian industrial consumers. Differently from the residential consumers, the Brazilian industrial consumers, besides consuming energy and capacity, also face a tariff menu with Time of Use Pricing. Additionally, each of the three tariffs (AZUL, VERDE or Conventional) also has different components and price discriminations. All these characteristics combined pose an empirical problem, which, up to this moment, had not been faced by the literature.
Because the choice of those tariffs is not mandatory -the consumers can pick which one is more suitable to them -the estimate of energy and capacity demand in each of the tariffs without taking into account the problem of tariff selection could lead to a bias in the estimated coefficients of the demand function. To deal with this problem we, initially estimated a multinomial discreet selection model, and later used the selection probabilities in a way to assure that the coefficient estimates were not biased.
This methodology was applied to a non-random sample of 646 large Brazilian industrial consumers (with demand above 300 KW), for the period from January 2002 to December 2006. We observed that the demands for different services (peak and off-peak capacity and energy) are price elastic and that, at least in the AZUL tariff, there is complementarity between energy and capacity in the different times of the day.
Additionally, the conclusions on tariff structure are based on estimates of aggregated electricity demand price elasticity, with disaggregation of consumption at different times of the day, which could lead to incorrect policy conclusions. The industrial energy price elasticity estimates in the Brazilian literature evaluate mostly the average consumption of energy. However, the price system used by the Agency recognizes the importance of distinguishing the use of energy and capacity (kW), with the later determining the dimensioning of the distribution system, and consequently of investments. Thus, it is important to know the degree of substitution between energy and power in both periods, and this is an original contribution in this paper. The importance of this information was highlighted with a simulation exercise carried out in the end of the paper, in which we evaluate a proposition that, besides a reduction in prices, we would have also a change in the relative prices of energy and capacity. The obtained effects were much more important than what we would have obtained using the simple application of results found
